INTRODUCTION
The present work employs the same apparatus a s t h a t used e a r l i e r [I1 -[ 7 1 i n d.c. and plasma o s c i l l a t i o n s t u d i e s of c o l l i s i o n l e s s and highly ionised plasmas produced by surface i o n i s a t i o n i n s i d e a heated c a v i t y . D.c. a n a l y s i s of t h e plasma [I1 has shown t h a t when a v o l t a g e i s applied between t h e electrodes which form t h e c a v i t y a f i e l d f r e e plasma region i s formed bounded by a monotonic sheath a t one e l e c t r o d e and a double sheath a t t h e other electrode; most of t h e applied p o t e n t i a l i s dropped a c r o s s the monotonic sheath. I f t h e b i a s v o l t a g e i s applied a s a voltage s t e p t h e r e w i l l be an i n t e rv a l of time during which e l e c t r o n s see s t a t i o na r y e l e c t r i c f i e l d s while t h e i o n s a r e v i r t u a l l y frozen, t h e l a t t e r responding t o f i e l d s a f t e r a few ion plasma periods. This time i n t e r v a l i s investigated here f o r t h e case when t h e unperturbed plasma i s bounded by e l e c t r o n r i c h sheaths: r a p i d l y applied v o l t a g e s a r e then screened from t h e plasma by sheaths formed a s a r e s u l t of e l e c t r o n motion only, t h e plasma ions not moving appreciably on a time s c a l e s h o r t e r than t h e i o n i n e r t i a l response time.
EXPERIMENTS
Production of t h e thermally ionised plasma, measurement of i t s temperature and a d.c. measurement of i t s d e n s i t y have been described previously [ I ] , 161. A caesium plasma i s formed i n an annular c a v i t y between two concentric tantalum c y l i n d e r s , t h e outer one being heated by e l e c t r o n bombardment t o around 2200K; see ag. 01. The cylinders, which a r e i n radiat i v e thermal equilibrium with each o t h e r , a c t a s e l e c t r o d e s f o r e l e c t r i c a l measurements. One e l e c t r o d e was earthed while square wave voltage pulses were applied t o t h e other. A square wave with a r i s e time l e s s than 0.5 n sec, was obtained by discharging a transmission l i n e through t h e plasma, which acted a s t h e load; c u r r e n t flowing through t h e plasma was monitored using an inductively coupled measuring c i r c u i t . Pulse durations were up t o one microsecond and had a r e p e t i t i o n r a t e of one k i l o h e r t z so t h a t c u r r e n t s and voltages could be displayed on a double beam oscilloscope. The i o n plasma period f o r t h e plasmas investigated was between one t h i r d and one microsecond.
THEORY -
The a n a l y s i s i s c a r r i e d out i n planar geome t r y which i s a reasonable appmximation t o t h e plasma cavity. The self-consistent d.c. aria-
l y s i s I11 assumes t h a t half llaxwellian d i s t r i b u t i o n s of e l e c t r o n s and of ions a r e em2tted from each e l e c t r o d e . The d i s t r i b u t i o n of p o t e n t i a l between t h e e l e c t r o d e s i s then e s tablished by f i n d i n g which of t h e many p o s s i b l e p o t e n t i a l d i s t r i b u t i o n s i s c o n s i s t e n t with t h e half-Maxwellian input's a t t h e boundaries.
Potent i a l s between t h e electrodes f o r t h e case considered here of e l e c t r o n r i c h sheaths f o r no applied b i a s and l a r g e b i a s a r e shown i n curves (a) and (b) r e s p e c t i v e l y i n f i g u r e 2. The p o t e n t i a l minimum, ( p o t e n t i a l normalised t o kT/e) r e g u l a t e s n l t h e flow of current' a c r o s s t h e device while t h e double layer.drop,
nn-nl, a d j u s t s t h e e l e c t r o n v e l o c i t y so --t h a t t h e d e n s i t y of t h e e l e c t r o n s i s equal t o t h a t o f . t h e ions i n t h e plasma region (no).
For a given plasma density, no, and e l e c t r o n e m h s i o n d e n s i t y , n eo (a function of T and 4) t h e values of n 1 and no-" a r e not uniquely determined, but must be r e l a t e d such t h a t t h e e l e c t r o n and i o n d e n s i t i e s i n t h e plasma a r e equal. The absolute values of t h e potent i a l d i f f e r e n c e s n I and no-nl, a r e determined by t h e v a r i a t i o n of ion d e n s i t y with p o t e n t i a l I n t h e d.c. case, r e d i s t r i b u t i o n of t h e i o n s Leads t o s a t u r a t i o n of t h e values of n1 and q n -n l , f o r l a r g e applied voltages, and hence --t h e c u r r e n t crossing t h e device a l s o s a t u r a t e s . The ions w i l l not respond f o r a t l e a s t a few i o n plasma periods,. so t h a t f o r f a s t r i s i n g v o l t a g e pulses t h e ions a r e assumed t o have a uniform d e n s i t y between t h e e l e c t r o d e s , equal t o t h e unperturbed plasma d e n s i t y . The s e l fc o n s i s t e n t potenti'al d i s t r i b u t i o n f o r a cons t a n t uniform i o n d e n s i t y , independent of potent i a l i s shown on curve (c) of f i g u r e 2. The double sheath i s formed i n a region formerly occupied by n e u t r a l plasma so t h e uniform dens i t y assumption i s reasonable. The v a l u e of t h e p o t e n t i a l d i f f e r e n c e no-n, i s obtained by r e q u i r i n g t h a t t h e r e be-two zeros of e l e c t r i c f i e l d , one a t nl and one a t no. S t a r t i n g from a k i t integration .of Poisson's e q . d~o~-.
i s t h e d i s t a n c e co-ordinate normalised t o a
Debye length defined i n terms of e l e c t r o n 
n, i s t h e unperturbed plasma d e n s i t y ; l i m i t s a r e f o r t h e z e r o s of t h i s e l e c t r i c f i e l d equation. The e l e c t r o n d i st r i b u t i o n f u n c t i o n t o t h e r i g h t of t h e minimiim i n f i g u r e 1 (c) o r (b) i s t h e sum of two truncated Maxwellian d i s t r i b u t i o n s and has been
discussed i n e a r l i e r work [ 11 . The r e s u l t i n g expression f o r e l e c t r o n d e n s i t y , obtained by i n t e g r a t i n g over a l l v e l o c i t i e s , a s a f u n c t i o n of p o t e n t i a l i s t h e same i n d.c. and p u l s e c a s e s because of t h e t o p o l o g i c a l equivalence, qo = p o t e n t i a l of t h e p l a t e a u q I = p o t e n t i a l of Approximate s o l u t i o n of (3) shows A t o be almost l i n e a r l y p r o p o r t i o n a l t o rl f o r n >5. Thus f o r P P t h e pulsed plasma, t h e p o t e n t i a l i s mainly deve--lop'ec' a c r o s s t h e double l a y e r i n c o n t r a s t t o t h e d.c. equili'brium c a s e described above. T h i s double l a y e r i s formed by r e t r e a t of plasma e l e ct r o n s i n response t o t h e applied p o t e n t i a l and i s simil?rr t o ion m a t r i x sheath expansion i n plasmas bounded by i o n sheaths, although h e r e t h e s h e a t h s a r e e l e c t r o n r i c h .
The c u r r e n t c r o s s i n g t h e d e v i c e i s found by considering t h e n e t e l e c t r o n f l u x i n t h e potent i a l d i s t r i b u t i o n :
Using (2), t h i s c u r r e n t may b e expressed i n terms of t h e plasma d e n s i t y , n and s h e a t h drop 0' no-n1 = A, and i s given i n normalised form by I n t h e l i m i t of l a r g e q and hence l a r g e Ao, (3) P can b e used t o show: J % $ J q % k G F i g u r e 2 shows t h e pulsed c u r r e n t v o l t a g e c h a r a c t e r i s t i c c a l c u l a t e d e x a c t l y from (3) and ( 4 ) . Figure 2 shows t h r e e s e t s of d a t a obtained f o r d i f f e r e n t v a l u e s of plasma d e n s i t y and temperature, f i t t e d a t one p o i n t t o t h e t h e o r e t i c a l curve of normalised c u r r e n t a g a i n s t normalised v o l t a g e . The c u r r e n t t r a c e s f o r s h o r t time s c a l e s were n e a r l y f l a t topped except f o r t h e e f f e c t s of s t r a y capacitance which lead t o a s l i g h t overshoot. The v a l u e s of c u r r e n t and v o l t a g e p l o t t e d on f i g u r e z were read off osci'lloscope t r a c e s i n t h e f l a t p o r t i o n a f t e r any overshoot and p r i o r t o any decay of c u r r e n t , observed a t times approaching a n i o n plasma period. I n p r a c t i c e f l a t topped p o r t i o n s were seen between 0.01 and 0.1 psec. There i s good agreement between theory and experiment f o r t h e plasma c o n d i t i o n s s t u d i e d . 
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I n conclusion, it has been shown t h a t c u r r e n t s i n excess of d . c . e q u i l i b r i u m v a l u e s can be drawn through t h e plasma i n a pulsed mode. This i s p o s s i b l e because of t h e f i n i t e response time of t h e i o n s which a r e e s s e n t i a l l y f r o z e n d u r i n g t h e e a r l y s t a g e s of t h e pulse. Agreement between theory and experiment i s good. 
